PATENT ABSTRACTS OF JAPAN 


(1 OPublication number : 1 1-265000 

(43)Date of publication of application : 28.09.1999 

(SOlnt.Cl. G02F 1/136 

H01L 29/786 
H01L 21/336 

(21) Application number : 10-06901 1 (71)Applicant : TOSHIBA CORP 

(22) Date of filing: 18.03.1998 (72)Inventor : IMAI NOBUO 

(54) LIQUID CRYSTAL DISPLAY DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid 
crystal display device which has thin-film transistors 
having different properties. 

SOLUTION: On a glass substrate 1 1, an amorphous 


silicon film is formed, a resist pattern is formed on a 
pixel formation area 2, and the amorphous silicon film 
exposed in a driving circuit formation area 3 has it 
surface oxidized with a 02 plasma. Resist and the 
oxidized film are removed to make the film thickness 
of the amorphous silicon film different between the 
pixel part formation area 2 and driving circuit 
formation area 3. The pixel part formation area 2 and 
driving circuit formation area 3 are made different in 



the mean crystal particle side of the polycrystlline 
silicon film by excimer laser annealing. After the 
polycrystplline silicon film is formed by laser 
annealing, elements are separated and polycrystalline 
silicon films 21 and 22 are formed. A gate insulating 
film 23 and gate electrodes 24 and 25 are formed and 

source areas 21s and 22s and drain areas 21 d and 22d are formed. Inter-layer insulating films 
26 and 27, source electrodes 31 and 35, and drain electrodes 32 and 36 are formed. On the 
inter-layer insulating film 37, a pixel electrode 41 is formed. 
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CLAIMS 


[Claim(s)] 

[Claim ll The liquid crystal display 
characterized by providing an insulating 
transluccncy substrate, the drive circuit 
formation field which has the TFT for 
mechanical components of the polyerystal 
silicon formed on this insulating 
transluccncy substrate, and the pixel 
section formation field which is formed on 

transluccncy substrate and has the TFT 
for the pixel sections of small polyerystal 
silicon of a leakage 1 current from t he 
aforementioned TFT for mechanical 
components. 

[Claim 2] The transistor for the pixel 
sections and the TFT for mechanical 
components are the liquid crystal display 
according to claim 1 characterized by the 
thing of a mean particle diameter and 
thickness which either differs at least. 
|(Taim .'}[ It is the liquid crystal display 
according to claim 1 or 2 with which the 
mean particle 1 diameter of the TFT for the 
pixel sections is 0. 1 micrometers or 0.M 
micrometers, and TFT for mechanical 
components is characterized by a mean 
particle diameter being O.f) micrometers 
or 2.0 micrometers. 
[Claim '1] There is no claim 1 
characterized by being 80% - {)f>% of the 


thickness of the polyerystal silicon of the 
TFT for mechanical components is the* 
1 Kjuiel crystal display of a publication :i 
either. 

[Claim 5] The manufacture method of a 
liquid crystal display characterized by 
prewieling the following. The process 
which forms an amorphous silicon film on 
an insulating translucency substrate. 
The process which fe>rms the pattern of 
the resist of a desired configuration in 
this amorphous silicon film. The process 

face of an amorphous silicon film as a 
mask. The process which the oxide film 
formed in the aforementioned resist and 
the amorphous silicon film front face is 
removed [ process ], and changes the 
thickness of an amorphous silicon film, 
anel the process which crystallizes the 
aforementioned amorphous silicon film. 
[Claim ()[ The resist on amorphous silicon 
is the manufacture method of the liquid 
crystal display according to claim f) 
characterized by being formed in a pixel 
section formation field. 
[Claim 7] The* amount of oxidizat ion of an 
amorphous silicon film is the* 
manufacture* me* t hod of the liquid crystal 
display according to claim f) e>r (! 
characterized by being 5% - 20% of the 
thickness of an amorphous silicon film. 
[Claim 8] ()2 There is no claim f) 
characterized by the* t hing of plasma. 
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oxidized by either at least, and it is the 
manufacture method of the liquid crystal 
display a publication 7 either. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention! 
[0001] 

[The technical field to which invention 
belongs] this invention relates to the 
liquid crystal display which has the TFT 
of a different property, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] Generally, 
since a liquid crystal display has thin 
shape lightweight and the big advantage 
of a low power, it is used for the display of 
OA devices, such as a liquid crystal 
television, a Japanese word processor, or 
a desktop personal computer, in recent 
years, and the liquid crystal display 
adapting the TFT or the TFT array which 
used polycrystal silicon for the barrier 
layer is developed especially in recent 
years. 

[0003] Moreover, the TFT which used 
polycrystal silicon for the barrier layer is 
conventionally applied to the 
mechanical-component switching 
element of the drive circuit which 
accumulates the switching element for 
the pixel sections and TFT which are the 
display of a liquid crystal display, and 
drives a pixel section switching element. 
That is. it, is used for the pixel section 


TFT for the voltage impression to liquid 
crystal, and the mechanical-component 
TFT which drives this pixel section TFT 
in the pixel. 

[0004] And although the performance in 
which both pixel section TFT and 
mechanical-component TFT are high is 
required with quality improvement of a 
display, on the other hand, as for 
mechanical-component TFT, elect ric field 
effect mobility high [ for the high-speed 
operation of a circuit ] is demanded of 
pixel section TFT for the low leakage 
current for holding the impressed voltage. 
[0005] Moreover, the TFT of highly 
efficient polycrystal silicon can be formed 
on an insulating glass substrate at low 
process temperature by progress of 
process technology. It is improving 
sharply to more than 200cm2 / V.s that 
electric field effect mobility was to 60cm2 
/ V.s grade because the crystallization 
process which obtains polycrystal silicon 
especially changes for example, to the 
excimer laser annealing (ELA) method 
from a solid phase grown method. In 
addition, in the polycrystal ized process 
by the excimer laser annealing method, it 
has influence in the property of TFT with 
the big size of the crystal grain of the 
silicon produced, for example, as for the 
polycrystal silicon whose size of crystal 
grain is 0.3 micrometers - 0.4 
micrometers, electric field effect mobility 
also reaches 200cm 2 / V.s grade. 
[0006] 
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[Problem(s) to be Solved by the 
Invention] However the TFT with high 
electric field effect mobility has the 
problem unsuitable for the pixel section 
TFT as which a leakage current also has 
a large inclination and a low leakage 
current is required for the ease of flowing 
of current. 

[0007] As mentioned above, although the 
liquid crystal display using polycrystal 
silicon can produce simultaneously the 
pixel section TFT formed in the pixel 

tyy*tw^r» *irw| i Y\t* ryi mO'i! 'COM! "OHO fit 

TFT formed in a mechanical component, 
there is a big difference in the 
performance demanded and, on the other 
hand, the size of the diameter of crystal 
grain of the polycrystal silicon 
crystallized by laser annealing can be 
greatly changed by **** of the energy 
density at the time of carrying out laser 
radiation, the number of times of 
irradiation, and an amorphous silicon 
film etc. 

|()008] this invention was made in view of 
the above-mentioned trouble, and aims at 
offering the liquid crystal display which 
has the TFT of a different property, and 
its manufact urc met hod. 
[00(H)] 

[Means for Solving the Problem] this 
invention possesses an insulating 
translucency substrate, the drive 1 circuit 
formation field which has the TFT for 


translucency substrate, and the pixel 
section formation field which is formed on 
the aforementioned insulating 
translucency substrate and has the TFT 
for the pixel sections of small polycrystal 
silicon of a leakage current from the 
aforementioned TFT for mechanical 
components. 

lOOlO] And the TFT for mechanical 
components considers as a thing with the 
usual high electric field effect mobility, 
and the pixel section TFT as which a low 

Ifvilf'nm fiirroni n*: rorimnwl rnnwirlory ;k 
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the small thing of a leakage current, and 
raises display quality. 
lOOll I Moreover, the transistor for the 
pixel sections and the TFT for mechanical 
components are things of a mean particle 
diameter and thickness from which either 
differs at least . 

[0012] Furthermore, the mean particle 
diameter of the TFT for the pixel sections 
is 0.1 micromotors or 0.:} micromotors, 
and the mean particle diameter of the 
TFT for mechanical components is 0.5 
micromotors or 2.0 micromotors. 
I()()i:5] Furthermore, the t hiokness of the 
polycrystal silicon of the TFT for 
mechanical components is 80% - !)f>% of 
the thickness of the polycrystal silicon of 
(ho TFT for the pixel sections. 
[001 l| Moreover, the process which forms 
an amorphous silicon film on an 
insulating translucency substrate 1 and 
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on this amorphous silicon film, The 
process as for which this resist oxidizes 
the front face of an amorphous silicon 
film as a mask, It is a thing possessing 
the process which the oxide film formed 
in the aforementioned resist and the 
amorphous silicon film front face is 
removed [ process ], and changes t he 
thickness of an amorphous silicon film, 
and the process which crystallizes the 
aforementioned amorphous silicon film. 
By changing the thickness of amorphous 
silicon, when the thickness of amorphous 
silicon differs in the case of 
crystallization, the TFT from which a 
property differs, respectively is formed 
again. 

[0015] Moreover, the resist on amorphous 
silicon is formed in a pixel section 
formation field. 

[00 1G] Furthermore, the amount of 
oxidization of an amorphous silicon film 
is 5% - 20% of the thickness of an 
amorphous silicon film. 
[0017] Furthermore, 02 It is the thing of 
plasma, ozone plasma, and ozone water 
treatment which oxidizes an amorphous 
silicon film hy either at least. 
[0018] 

[Embodiments of the Invention] 
Hereafter, the gestait of 1 operat ion of t he 
liquid crystal display of this invention is 
explained with reference to a drawing. 
[0019] as shown in drawing 2 . the TFT 
array substrate 1 forms this liquid crystal 
display ■- having ■* this TFT array 


substrate 1 - a flat-surface configuration 

the rectangle dike pixel section 
formation fields 2 and 2 - having -- each 
of these - the drive circuit formation field 
3 which drives this pixel section 
formation field 2 along with two sides of 
the pixel section formation field 2 is 
formed 

[0020] Moreover, the under coat layer 14 
which carried out the laminating of the 
nitride 12 of 500A thickness and the 
oxide film 13 of 3000A thickness to the 
glass substrates 11, such as an alkali free 
glass as an insulating translucency 
substrate or alkali glass, was formed, and 
the cross-section configuration of this 
TFT array substrate 1 has prevented 
diffusion of alkali impurities, such as 
sodium (Na) from a glass substrate 11, in 
this under-coat layer 11. as shown in 
drawing 1 . In addition, as for this 
under-coat layer 14, only in the 
monolayer of a nitride 12, the monolayer 
of an oxide film 13 or an oxide film 13 can 
acquire the effect that the upper 
laminating also has the same nitride 12, 
in a lower layer. 

[0021] And TFT 15 for the pixel sections 
is formed in the pixel section formation 
field 2 on this under-coat layer 14, and 
TFT 16 for mechanical components is 
formed in the drive circuit formation field 
3. Moreover, the polycrystal silicon film 
21 of polycrystal silicon 0,25 micrometers 
or less is formed in TFT 15 for the pixel 
sections for a mean particle diameter by 
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(JOOA thic kness, and the polycrystal 
silicon film 22 of polycrystal silicon ().() 
micrometers or less is formed in TFT Hi 
for mechanical components for the mean 
particle diameter by thickness (80% of 
the polycrystal silicon film 21 of TFT Hi 
for the pixel sections, and about 95%. for 
example. 500A). 

[0022] Moreover, on these polycrystal 
silicon film 21 and the polycrystal silicon 
film 22, the gate insulator layer 23 of an 
oxide film is formed, the gate electrode 24 
of TFT !5 for the pixel sections farmed 
above the polycrystal silicon film 21 on 
this gate insulator layer 23, and the gate 
electrode 25 of TFT Hi for mechanical 
components is similarly formed above the 
polycrystal silicon film 22 on the gate 
insulator layer 23. In addition, ion is 
driven into each polycrystal silicon film 
21 and 22, and they are 21s of source 
fields, and 22s. And 21d of drain fields, 
and 22d It is formed. 

[0023] Furthermore, on the gate insulator 
layer 23 containing these gates electrodes 
24 and 25 The layer insulation film 2(5 is 
formed and it is 2 I s of source fields of 
these layer insulation film 2f> and t he* 
polycrystal silicon film 21 of the gate 
insulator layer 23. 21d of and drain fields 
Into a corresponding portion Contact 
holes 27 and 28 are formed and it is 2 1 s of 
source 1 fields to those contact holes 27 and 
28. 2 Id of and drain Holds The metal 


contact are formed, respectively. 22s of 
moreover, source 1 fields of these layer 
insulation film 2fi and the polycrystal 
silicon film 22 of the gate insulator layer 
23 22d of and drain fields Contact holes 
33 and 34 are formed in a corresponding 
portion, and it is 22s of source fields to 
these contact holes 33 and 34. 22d of and 
drain fields The metal source electrode 35 
and t he metal drain electrode 3(i which 
carry out ohmic contact are formed, 
respectively. 

>rmnrn the nixol electrode 
41 which formed the layer insulation film 
37 on the layer insulation film 2(> 
containing these source electrodes 31 and 
35 and the drain electrodes 32 and 3G, 
formed the contact hole 38 on the drain 
electrode 32 of the pixel section formation 
field 2, and was formed by transparent 
electrodes, such as ITO (IndiumTin 
Oxide), on the layer insulation film 37 of 
the pixel section formation field 2 is 
formed, and the TFT array substrate 1 is 
completed. 

[0025] And the opposite substrate- in 
which t he* countereloctrodo which is not 
illustrated was formed is made to counter 
this TFT array substrate 1. between 
these TFT array substrate 1 and an 
opposite substrate, liquid crystal is made 
to pinch and a liquid crystal display is 
formed. 

|()()2fi] Next, the manufacture method of 
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[0027] First, on a glass substrate 11. by 
500 A thickness, the laminating of the 
oxide film 13 is carried out, membranes 
are formed by the nitride 12 and 3000A 
thickness, the undercoat layer 14 is 
formed with plasma CV1) equipment, and 
GOOA amorphous sdicon is formed on this 
under coat layer 14. 

10028] Then, it anneals at 500 degrees G 
for 1 hour, and the hydrogen in 
amorphous silicon is desorbed. And it is 
the amorphous silicon film which formed 
the pattern of a resist on the pixel section 
formation field 2 of this amorphous 
silicon film, and the drive circuit 
formation field 3 exposed 02 The amount 
of [ of the front face of an amorphous 
silicon film / about 10% of 1 thickness is 
made to oxidize by plasma. 
[0029] Then, removal of the oxide film 
formed on the resist and the amorphous 
silicon film forms the thickness of the 
amorphous silicon film of GOOA and the 
drive circuit formation field 3 for the 
thickness of the amorphous silicon film of 
the pixel section formation field 2 by 
about 540A. 

[0030] And the polycrystal silicon films 
21 and 22 can be formed by laser 
radiation, and in the pixel section 
formation field 2 and the drive circuit 
formation field 3 in which the thickness 
of an amorphous silicon film differs, the 
laser radiation of the same energy 
density can also change the particle size 
of polycrystal silicon alternatively 


because thickness differs. 
[0031 1 Here, it is 340 mJ/em2 to d rawing 
3 . The thickness of amorphous silicon at 
the time of carrying out excimer laser 
annealing on the conditions which it was 
made to overlap 95% and were irradiated 
20 times with irradiation energy, and the 
relation of the diameter of average 
crystal grain are shown. That is, the 
diameter of crystal grain of polycrystal 
silicon becomes small as the diameter of 
crystal grain of polycrystal silicon 
becomes the largest and thickness 
becomes thick, when the thickness of 
amorphous silicon is about 500A. 
[0032] And these 340 mJ/cm2 By single 
irradiation energy, the diameter of 
average crystal gram is set to 0.2G 
micrometers or less by t he polycrystal 
silicon film of the pixel section formation 
field 2 whose thickness of an amorphous 
silicon film is 600A, and the diameter of 
average crystal grain is set to 0,G 
micrometers by the polycrystal silicon 
film of the drive circuit formation field 3 
whose thickness of an amorphous silicon 
film is about 540A. Furthermore, after 
forming a polycrystal silicon film in 
excimer laser annealing in this way, 
isolation of each is carried out and the 
polycrystal silicon films 21 and 22 are 
formed. 

[0033] Furthermore, by the plasma CVD 
method, the gate insulator layer 23 of an 
oxide film is formed, and the gate 
electrodes 24 and 25 are formed on this 
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gate insulator layer 2'.]. 

[0034] And j) type or n type ion is driven 

into the polyerystal silicon films 21 and 

22 by self-adjustment by using the gate 

electrodes 24 and 2D as a mask, and they 

are 21s of source fields, and 22s. And 2 Id 

of drain fields, and 22d It forms. 

1 0035] furthermore, gate electrode 24 and 

25 top - the layer insulation film 2(5 - 
forming membranes - 21s of source fields. 
22s and 2 Id of drain fields, and 22d 
Fxeimer laser annealing processing is 

And contact holes 27. 28, 33, and 34 are 
formed in the predetermined part of the 
layer insulation film 26 and the gate 
insulator layer 23. These contact holes 27 
and 33 are minded and they are 21s of 
source fields of the polyerystal silicon 
films 21 and 22, and 22s. Ohmic contact 
of the source electrodes 31 and 35 is 
carried out. Moreover, contact holes 28 
and 34 are minded and they arc 2 Id of 
drain fields of the polyerystal silicon films 
21 and 22, and 22d. Ohmic contact of the 
drain electrodes 32 and 36 is carried out. 
[0036] Moreover, the layer insulation film 
37 is formed on the layer insulation film 

26 containing these source electrodes 31 
and 35 and the dram electrodes 32 and 3(i. 
a contact hole 38 is formed in this layer 
insulation film 37. the pixel electrode 41 

is formed on the layer insulation film 37, 
the pixel electrode 41 is contacted to the 


configuration, and the TFT array 

substrate 1 is completed. 

|()()37] And a liquid crystal display is 

completed by laying an opposite 

substrate on top of the TFT array 

substrate 1. pouring in liquid crystal, and 

sticking. 

10038] In addition, it is ()2 in case the 
amorphous silicon film exposed with the 
gestalt of the above-mentioned 
implementation, without carrying out a 
resist is oxidized. Although it was made 

it\ Mvirlivn }\\r nl'iumn Mnrl t Vm nvi/lo fi 1 m 

"j i ■ 

was formed, it is ozone plasma or ()2. The 
same effect can be acquired even if it 
makes it oxidize by the plasma treatment 
or ozone water treatment by the gas 
made into a principal component. 
[0039] Moreover, although each diameter 
of average crystal grain in two sorts of 
thickness of an amorphous silicon film 
changes with the irradiation energy and 
the number of times of irradiation at the 
t.ime of carrying out exeimer laser 
annealing, as for the thickness which the 
amorphous silicon film of the drive circuit 
formation field 3 is oxidized, and carries 
out film decrease, it is desirable that it is 
r>% - 20% of the thickness of the 
amorphous silicon film of the pixel 
section formation field 2. 
[0040] Furthermore. ****** after 
annealing at 500 degrees C, although it 
carried out before* annealing the process 
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[0041] Moreover, after oxidizing an 
amorphous silicon film, by TFT 15 for the 
pixel sect ions of the pixel section 
formation field 2, and TFT 16 for 
mechanical components of the drive 
circuit formation field 3, a threshold 
voltage is independently controlled by 
driving in boron ion or phosphorus ion by 
using as a mask the resist formed on the 
amorphous silicon film, and can be set up 
according to it. respectively. 
[0042] As mentioned above, in the pixel 
section formation field 2 and the drive 
circuit formation field 3, by producing the 
polycrystal silicon with which 
crystal Unity, i.e., a crystallized state, 
differed, it becomes possible to produce 
TFT 15 for the pixel sections and TFT 16 
for mechanical components of the 
property demanded, respectively, and 
high-definition high image display of 
contrast can be realized. That is. at TFT 
15 for the pixel sections of the pixel 
section formation field 2, electric field 
effect mobility is made small, a leakage 
current is made small, by TFT 16 for 
mechanical components of the drive 
circuit formation field 3. electric field 
effect mobility is made high and a liquid 
crystal display can realize high-definition 
image display. 
[0043] 

[Effect of the Invention] According to this 
invention, the TFT for mechanical 
components considers as a thing with the 
usual high electric field effect mobility 


and the pixel section TFT as which a low 
leakage current is required considers as 
the small thing of a leakage current, and 
can improve display quality. 
[0044] Moreover, according to this 
invention, by changing the thickness of 
amorphous silicon, when the thickness of 
amorphous silicon differs in the case of 
crystallization, the TFT from which a 
property differs, respectively can be 
formed easily again. 

DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 
[Drawing l] It is the cross section 
showing the TFT array substrate of the 
gestalt of 1 operation of the liquid crystal 
display of t his invention. 
[Drawing 2] It is the plan showing a TFT 
array substrate same as the above. 
[ Drawing 3] It is the graph which shows 
the relation between amorphous silicon 
thickness same as the above and the 
diameter of average crystal grain. 
[Description of Notations] 

2 Pixel Section Formation FTeld 

3 Drive Circuit Formation Field 

11 Class Substrate as an Insulating 
Translucency Substrate 
15 1G TFT 
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